As a part of a stud y of the desirability of certain h ydrocarbon types as jet fu el components, e ight a liphatic h ydro carbons have been prepared and purified. This report describes their syn theses an d those of several in termedi ates. Physical constants were measured on t he high puri ty products.
I. Introduction
During the last few years, th e advent of r eaction engines has pre enLed n ew fuel problems; one attack on these problems h as been the sLud y of the properties of fuel components. The work described herei n is part of a proj ect sponsor ed by Lhe National Advisory Committee for Aeronautics at the National Burea u of Sta ndards, in which certain hydrocarbons are prepared in lligh purity fol' Lests at the N ACA Flight Propulsion R esearch L aboratory (Clevela,ncl). Th e tests were selected primarily to provid e data r egardin g the desirability of certain hydro carbon structures in jet engine fuels. This repor t describes th e preparation and purification of eight hydrocarbons. Common physical constants arc given for these hy drocarbons and for several interm ediate compounds synthesized for use in their preparation. The methods used for determination of ph ysical constants are glVen 111 an appendix at the end of th e paper.
II. Apparatus
Reaction Vessels
The majority of the r eactions wer e carried out in two 50-gal commercial k ettles, one constructed of stainless steel and the other of glass-lined steel. These kettles were double-walled and arranged so that stearn or water could be circulated betwee n the walls to maintain the r eaction at any temperature from 5° to 150° C. The k ettles were fitted with glass-lined steel condensers and arranged so that the jacket ,vater temperature could be reguSyntheses of Hydrocarbons lated. In this m anner the condenser co uld be made to act as a l'eAux condenser, a dephlegmating column, or a "goose neck" for distillation. R eage nts were added to the kettles by means of 5-gal glass-lined steel addiLion vessels and the rate of addiLio n controlled by means of a neoprene compression valve. The reactions were stirred by means of eith er a slow-speed anchor type stirrer or by a hi gh-speed H astelloy propeller stirrer. The kettles were ananged so that reaction products could be distilled ei ther from one to th e other or into a ] 5-gal double-walled copper receiving vessel. Small-scale reacLions were carried out in 5-liter glass llasks or 14-li ter brass keLLles.
Deh ydration App aratus
The dehydrations of the carbinols were carried out in the vapor phase, using aluminum oxide catalyst, at 400 0 C in the case of pl'imaryalcohols, and at 300 ° C in the case of secondary and tertiary alcohols. The aluminum oxide was contained in a stainless steel tube, 2 in. in diameter and 3.75 ft long. This tube was placed in a fmnace m ade by winding 35 ft of nichrome wire (1 ohm/ft) around a 3.25 ft leng Lh of 2-in. pipe. The temperature was regulated by mean . of a variable transformer and measured by m eans of a thermocouple in a well embedded in th e alumina. The products of reaction were condensed in a copper tube condenser after lea ing the reaction zone. Flow of material Lo the apparatus was governed by use of a modified au tomobile carburetor as a 19 to 20 ________ __________________ do ________________________________ _ 250 X 2.5 _____ do ________ ____________________________________________ _ 21. _________________________ Total r eflux varia ble take-olf. _ _______ _ 120 X 3.5 ~1 6-in . glass heli ces _______________________________________ _ 22 to 24 _____________________ ___ __ do ________________________________ _ 183 X 2.5 ~'2 -in. stain less steel helices from O.O IO-in . wire _____ ______ _ 25 to 27 ____ _____________________ _ do _______________________________ _ _ 18.3 X 2. 5 ~6-i n . glass helices _____________________________________ __ _
• Columns 19 a nd 20 h ave bee n equipped with a device for taki ng a sample in t he middle of the night, t hereby givi ng three equal samples ill a 24-hr r er iod.
Both of t hese columns operate co ntinuously wi t h only occasional checking. constant level device. To construct this apparatus, the carburetor was disassembled and all openings for special jets and pumps closed. Then a copper tube line was installed between the floatoperated n eedle valve and a reservoir placed about 12 in. above the carburetor. A large separatory funnel (I-liter or 3-liter) served well as a r eservoir. The float chamber cover contained a hole for pressure equalization (breather hole), which was r etained in the final set up. Product delivery to the furnace was effected by m eans of a copper tube from the float bowl outlet to the furnace tube. A small, brass n eedle valve was installed in this line to regulate rate of flow . By means of this apparatus a constant-rate flow h as been maintained for periods of several days during which no adjustments were n ecessary.
This sam e apparatus has b een found to work well in r educed pressure experiments. In this case a line connected the top of the reservoir, the float bowl cover (br eath er hole), and the furnace tube. This line served to equalize the pressure in the three units of the system.
. Hydrogenators
Hydrogenation of olefins was accomplished in high-pressure hydrogenators of th e type described by Adkins [1 ) .1 Bombs of 3-and 20-liter capacity were used. Use of commercial nickel-on-kieselguhr catalyst gave no difficulty in any of the hydrogenations, the extreme conditions b eing 1,500 IbJin. 2 pressure and a temperature of 160 0 C.
Stills
All the stills used in these preparat.ions have been previously described [6J. For convenience the salient features of each are list ed in table 1. 1 Figures in brackets indicate the li terature r eferences at the end of this paper.
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III. Methods and Technique
Preparation of Grignard Reagents
The prepa.ration of GrignaI'd r eagents in large quantities (up to 300 moles) has been previously r eported [6) . In the present syntheses a more or less general procedure for the preparation, coupling, and hydrolysis of the GrignaI'd reagent was used. This gener~l synthesis is given b elow, using the n-butyl magnesium chloride synthesis of 5-nonanol as an example (see sec. IV, 1).
De termination of Physical Prope rties
The apparatus and technique for the determin ation of the freezing point, boiling point, r efractive index, and density are described in the appendix. The final products (paraffin hydrocarbons) were filtered through silica gel before measurem ent of physical properties. The physical properties of the b est sample ar e given in table 2.
The m ethod for determining the quality of each distilled sample and the criteria for the grouping of these samples h as been to plot the boiling point and refractive index against the volume distilled , and to regard fractions comprising the fla t " plateaus" as pure substan ces. Freezing points spotted at intervals along these plateaus aided in finding t h e purest sample for physical properties. R ecen tly this m ethod has b een supplemented by the u se of the difference in r efractive index of each sample in r elation to an arbitrarily selected reference sample. This property has b een m easured by m eans of a Rayleigh interferometer and has been found to be as sensitive to the purity of the sample as the freezing point and in some cases more sensitive. This m ethod takes considerably less time than the freezing point determination and ther efore can be applied to every fraction.
This not only h elps to find the bes t fraetion but also identifies certain isolated "poor" fractions that occasional freezing points might overlook. Another advantage of the interferometer is that it permits a critical study of the distillation of substances th at freeze with difficulty or not at all.
IV. Preparation of Materials
1. n.-Nonane n-N onane was prepared in three steps: (a) methyl formate was r eacted with n-butylmagnesium chloride to yield 5-nonanol ; (b) 5-nonal101 was dehydrated to give a mixture of nonenes; (c) the mixed nonenes were hydrogenated to n-non ane.
5-Nonanol. 5-nonanol was prepared by means of a modification of the preparation given in Organic Synth eses [8] .
Magnesium turnings (6. 08 kg, 250 g atoms) were placed in the r eactor and covered with 16 li ters of eth er To this ,vas added about a liter of n-bu tyl chloride and a few crystals of iodine. The mix ture was allowed to stand without stirring for about }~ hI', while the r eaction started . During the next 2 hI' approximately 6 kg of n -bu tyl chloride was added while th e reaction mixture was stirred and cooled . The reaction was then dilu ted with 48 li ters of ether and the remainder of th e n-butyl chloride added. A total of 25.8 kg (2 78 moles) of n-butyl chloride was added over a period of 6 }~ hr. The apparent excess of n-butyl chloride was to compensate for material lost through the condenser during the initial stages of the reaction.
T o the GrignaI'd reagent w a added 7.5 kg (125 moles) of methyl formate in 16 li ters of eth er. The rate of addition was rapid enough to maintain a brisk r eflux and addition was completed in 5 hr. The reaction mixture became so thick th at it was necessary to add 30 liter of eth er and work the r eaction mixture with a wooden p addle in order to loosen th e sLiner.
The mixture was hydrolyzed with 18 liters of water followed by 75 li ters of 18-per ce nt sulfuric acid. During this time any ether that volatilized was allowed to distill off and was collected. A large quantity of magne ium sulfate settled out, and the major portion of Lhe aqueous layer saturated with magnesium sulfate was siphoned off. An additional 35 li ters of water was added to the mixture in the original kettle to bring the magnesium sulfate into solu tion and 50 liter s of ether removed by distillation. The magnesium sulfate solution was siphoned off leaving th e crude Den sity R efractive ind ex dt!dp Boiling at 760 The crude organic material was fractionated at 130 mm H g in column 25. From this distillation there was isolated m ethyl valerate, bp 74° to 79° C, n2)} 1.4003, 0.78 kg ; n -amyl alcohol, bp 92° to '94° C, n;~ 1.4101 , 0.24 kg; and 5-nonanol, bp 133° to 138° C, 10.82 kg. This r epresents a 60-percent yield of 5-nonanol. A ch arge of th e crude organic material was fractionated in column 8, and the results of this distillation are shown in figure 1. C ut A represen ts the methyl valerate C ut B , , n -amyl alcohol, and Cut C, 5-nonanol.
Nonenes. The deh ydra tion of 5-nonanol was accomplished using aluminum oxide catalyst a t 285° to 325° C . From 6.54 kg (45.3 moles) of 5-nonanol there was obtained 656 ml of water (8 0%) and about 7.75 liters of organic material. The organi c material was distilled in column 22 to give 5.06 J;:g (40.2 moles) of nonenes, bp 140° to 150° C. This represents 88 percent dehydration -on the basis of carbinol used .
A charge of 2,3 50 ml of nonene was fractionated in column 20 in an attempt to obtain high-puri ty samples for physical properties. The greater part -of the olefin boiled at 148° to 149° C (uncorrected) but the refractive index (n;O) dropp ed steadily from 1.4207 to 1.4199 . This is to b e exp ected since the boiling points of th e geometric isomers of both 4-nonene and 3-nonen e are very close together.
n -Nonane. The mixed nonenes (4 .40 kg, 34.9 moles) were hydrogenated in the 20-liter hydrogena tor using nick el-on-kieselguhr catalyst at 140° to 160° C. The initial pressure was 1,350 lbjin. 2 From this operation there was obtained 4.06 kg (3 1.8 moles) of n -nonane. This corresponds to a 91-per cent yield.
The crude n-nonane was distilled in two separate charges in column 19. The results for one charge are shown in figure 2. Here the usefulness of the interferometer is apparent, showing the lower purity of the samples immediately following th e point at which the still was accidently turned off. Portion B was collected as n -nonane bp 151°C
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. . ' , nD 1.4052-53. The pUrIfied matenal from both runs was combined to 2:ivc 2.38 kO" of n-nonane f '
P -53. 528° C, This corresponds to a purity of approximately 99.9 mole p ercent [5, 11] . In addition, a sample of th e purest material was reserved for the measurement of physical constants.
2-Methyloctane
This nonane was prepared by th e coupling of n-am ylmagnesium chloride and meth allyl chloride followed by hy drogenation of th e resultinO" 2-methyl-l-octene. 2-lYlethyl-l-octene. n-Amylmagn esium chloride was prepared from 20 kg (188 moles) of n-amyl chloride and 4.52 kg (188 g atom) of magnesium using 56 liters of ethel' as solvent in th e sam e manner as describ ed in the preparaLion of 5-nonanoI. The m ethallyl chloride was added in eth er solution over a p eriod of 4 days and th e r eaction mixture allowed to stand for 3 weeks. At the end of thi s time the Gilman test [4] was nega tive for Grignard reagent.
The reaction mixture was hydrolyzed in th e usual manner and the ether distilled from th e reaction kettle. There r ema ined 32 li ters of crude organic product. This material was roughly fractionated in columns 25, 26, a nd 27 in to three fractions: bp 35° to 55° 0, 4,890 ml; bp 55° to 140° C, 11 ,330 ml; and bp 140° to 150° C, 9,830 ml. The latter two fractions were r edi stilled and two major fractions collected , boiling at 110° to 114° C and 140° to 150° O. The fracLion boiling at 140° to 150° C contain ed th e 2-m ethyl-1-octene, 10.7 kg, 84.5 moles, 45-percent yield. The oth er major fradion , boiling 110° to 114° C, was app ar ently a coupling product of two molecules of methallyl chloride. In order to ob tain a sample for m eas urement of physical constants, 3,720 ml of crude 2-methyl-1-octene was di stilled in column 19. From this distillation th ere was obtained 2,400 mlof 2-m ethyl-1-o ctene, bp 143.5° to 145.0° o (un correc ted), n~o l.4185-86, in addi tion to th e sample for physical properties.
2-Methyloctane. The 2-meth yl-1-o cten e (4.7 kg, 37 moles) was h ydrogenated at 140° to 150° C using ni ckel-on-kieselguhr catalyst. The initial pressure was 1,000 Ib/in. 2 at 25° C. The resul ting 2-methyloctane (6,3 20 ml, 4.49 kg, 35 moles) was distilled in column 20 in two ch arges. From these two di stillations th ere was ob tained 3.68 kg of purified 2-m ethylo ctane, bp 142.5° to 144°C (uncorrected), n~ 1.4031 to l.4034. These samples were fur th er classified by m eans of the differ ential refractive index in order to ob tain the purest material for shipmen t . In this manner l. 53 kg of purified 2-rriethyloctan e, fp -80.42° 0 , was obtained. This corresponds to a purity of approximately 99 .8 p ercen t [5] . In addition, a sample of th e purest m aterial was r eserved for physical constan ts.
. 3, 3-Dimethylheptaue
This hydro carbon was prepared by th e co upling of n-butylmagnes ium chloride with tert-amyl chloride.
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The n-bu tylmagnesium chloride was prepared from 23.1 kg (250 moles) of n-butyl chloride ft nd 6.08 kg (250 g atom) of magne ium using 75 li ters of eth el' as solvent.
The solLl tion of Grignard reagent was cooled Lo 10° C and Lert-amyl chloride was added at th e rate of 4.5 kg per day wi th constant stirring. A total of 23. 9 kg (225 moles) of tert-amyl chloride was a dded over a period of 6 days. A h eavy, white precipitate developed but the mixture remained fluid . The reaction mixture stood for 1 month b efore a negative Gilman test [4] was obtained . During this time the reaction was warmed to room temperature during the day and cooled at night. The mixture in th e reaction kettle was worked up in the usual manner and some of the eth er stripp ed off. From th ese oper ation th ere was obtained approximately 30 liters of crude organic material. This m aterial was distilled in columns 22, 23, and 24, and Lhe following fmrtions wer e ob tained : bp less th an 70° C, 16 li te rs (mostly eth er ); bp 70° to 130° C, 3.6 liters; bp 130° to 145° C, 7.2 li ters (crude 3,3-dimethylhep tane); and h eavy resid ue 1.5 li ters.
The crude 3,3-dimethylheptan e gave a positive test for h alogen [3] . Th erefore the crude p araffin was divided into two parts, one of which was treated with alcoholic potassium hydroxide, while th e other was treated with sodium in liquid ammonia. Bo th treated samples proved to b e free from halogen and were distilled in two charges of 3,400 ml each in column 20. The distillation curve for one ch arge is hown in figure 3.
-
VOL UME RECOVERED. ML FIGURE 3. Distillation oj 3,3-dimeth ylheptane. From the distillation curve it is apparent that there is some compound of higher refractive index boiling only slightly lower than 3,3-dimethylheptane. Portion C was taken as the purified 3,3-dimethylheptane. Portion D was reserved for the measurement of physical propert.ies.
From these two distillations there was obtained 2,710 ml (1.91 kg) of material for shipment, bp 137 .01 ° C, boiling range (20 to 80 percent) 0.007° C, nD 20 1.40872, in addition to a sample for physical properties.
4. n -Decane n-Decane was prepared by the hydrogenation of I -decene.
l-Decene. The I-decene (9.1 kg) was obtained from commercial sources. A trial charge of this material (3,600 ml) was fractionated in column 18 in order to obtain a sample for physical properties and also to determine the amount of impurities in the crude decene. From the data obtained it was decided to distill the remaining crude I-decene in columns 25 to 27 and to discard the first and last 10 percent. The forerun and residue from these runs were combined and refractionated and it was found that 1,195 ml of this material was satisfactory for hydrogenation. A total of 10.1 liters of I -decene was obtained for hydrogenation in addition to a sample for physical properties.
n-Decane. Hydrogenation of the I-decene (4.65 kg) was carried out at 170° C using nickel-onkieselguhr catalyst. The reaction proceeded so rapidly that 500 Ib/in. 2 hydrogen pressure was quite sufficient. From this hydrogenation 4.62 kg (97 percent) of n-decane was obtained. The n-decane was fractionated in column 20. In two runs, 4.62 kg of n-decane was fractionated to yield 3.43 kg of n-decane, fp -29.678° C. This corresponds to a purity of 99.9 mole percent [5, 12J. In addition, a sample of the purest material was reserved for the measurement of physical constant.s.
s. 2-Methylnonane
This hydrocarbon was prepared by the dehydration of 2-methyl-3-nonanol followed by the hydrogenation of the mixture of olefins.
2-Methyl-3-nonanol. This carbinol wa.s prepared by the reaction of isopropylmagnesium chloride with n-heptaldebyde. Isopropylmagnesium chloride was prepared from 6.08 kg (250 g 304 atom) of magnesium and 19.6 kg (250 moles) of isopropyl chloride over a period of 4 hI' followed by 2 hI' of stirring. To the GrignaI'd reagent was added 26.5 kg (250 moles) of n-heptaldehyde. The initial reaction was quite vigorous and because of this the addition of the heptaldehyde took 12 hr. The reaction mixture wa.s allowed to stand overnight, after whicl;l it was worked up in the usual manner and most of the ether stripped off in the reaction kettle. From this reaction there was obtained 42 liters of crude 2-methyl-3-nonanol.
The remaining ether was removed by distilling in column 21. A charge of 3,400 ml of the crude carbinol was fractionated in column 18 at 150 mm Eg. The principal products of this distillation were: fractions 6 to 10, bp 127° to 143° C, n~; 1.4263-53, 223 g; and fractions 25 to 57, bp 154° to 155° C , n~ 1.4341-48, 1,321 g. The first cut (fractions 6 to 10) was principally I-heptanol from the reduction of the heptaldehyde. The second cut (fractions 25 to 57) was the 2-methyl-3-nonanol fraction. A high boiling residue remained, which was probably an aldol of heptaldehyde, and was not investigated.
The remaining carbinol was fractionated at 170 mm Hg in columns 25 to 27. The total principal products of all distillations were: 1-heptanol, 2.24 kg (19.3 moles, 7.7 % ) ; 2-methyl-3-nonanol, 21.7 kg (137.2 moles, 54.9 % ) ; and residue, probably an aldol, 3.25 kg (14.2 moles,
%) .
2-11lIethylnonenes. An attempt was made to dehydrate the 2-methyl-3-nonanol using the oxalic acid method of : Mulliken, Wakeman, and Gerry [7J. However, no 2-methylnonene was obtained, and the first drop from the ASTM distillation of the product boiled at 170° C and the 40-percent point was 220 0 C . It is apparent that there was very extensive polymerization, therefore this method of dehydration was rejected.
The large scale dehydration made use of alumina at 300 0 to 325 0 C. In the course of 40 hI' 7.26 kg (45.9 moles) of 2-methyl-3-nonanol was passed through the dehydrator and 630 ml (35.0 moles, 76 .5 %) of water and 5.45 kg (38.9 moles) of organic material were recovered.
A charge (4,000 ml 2.97 kg) of the olefins was distilled in column 19. Data obtained on this distillation are shown in figure 4 .
The dehydration of 2-methyl-3-nonanol might be expected to yield four decenes. The principal , -----------------, Since there are no data available on the properties of these compounds they were calculated by th e method of Francis [2] . These calculations seem to be valid qualitatively in figure 4 . The major Hats at C and E represent 2-rnethyl-3-nonene and 2-methyl-2-nonene, respectively. Cut B , which boils slightly lower than the 2-methyl-3-nonene cut yet has a slightly higher refractive index, may be either 2-methyl-4-nonene or else the minor geometric isomer of 2-methyl-3-nonene. The abrupt rise of refractive index from C coupled with the slow drifting into the flat at E indicates the presence of a compound of slightly lower boiling point than 2-methyl-2-nonene with a refractive index considerably lower. This is probably the 2-methyl-1-nonene. The low-boiling cut A is undoubtedly heptenes from the dehydration of the 1-heptanol. The residue is the undehydrated carbinol. The remaining 3,570 ml (2.48 kg) was distilled in column 23 and the fraction boiling at 1 55~ to 175° C was collected as the methylnonenes. From both distillations, 3.43 kg (24.5 moles) of
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olefin was obtained for hydrogenation. The recovery of 1.05 kg of 2-methyl-3-nonanol indicated an efficiency of about 65 percent in the dehydration step instead of 76 percent as indicated by the recovered water.
2-Methylnonane. The mixed 2-methylnonenes were hydrogenated at 140° C using nickel-onkieselguhr catalyst. The starting hydrogen pressure was 600 Ib /in. 2 The hydrogenation proceeded rapidly and was completed in 6 hI' to yield 3.29 kg (23 .1 moles, 94%) of 2-methylnonane .
The 2-methylnonane (4 ,200 ml, 3.08 kg) was distilled in column 19 and from this distillation there was obtained 3,580 ml of 2-methylnonane, mp-74.82° C . This cOlTesponds to a purity of 99 mole percent [5, 10] . In additioll, a sample of th e purest material was reserved for th e determination of physical constants.
2,3-Dimethyloctane
This hydrocarbon was prepared by the dehydration of 2,3-dimethyl-3-oetanol and hydrogenating the resul ting olefins. The 2,3-dimethyl-3-octanol was prepared by the reaction of n-amylmagnesium chloride and 3-methyl-2-butanone.
3-M ethyl-2-butanone. M ethylisopropyl ketone was prepared by a modification of the method given in Organic Syntheses [9] . Tertiary amyl alcohol (10.6 kg 119 moles) was heated to 52° to 53° C and 19.1 kg (119 moles) of bromine was added over a p eriod of 5 hr. The resulting mixture was orange-red in color , and this color persisted upon the addition of another 1.4 kg of terL.-amyl alcohol. "Vater (3 2 liters) was added and th e rcacLion mixture refluxed for 24 hours after which the organic material was steam distilled. The distillate was saLurated with soda ash, the aqueous layer withdrawn and extracted with 3 liters of ethor. The ether was stripped off and the residue added to the crude methylisopropyl ketone. This was distilled in columns 22 and 23 to give 6.76 kg (78.6 moles, 66 %) of methylisopropyl ketone, bp 92° to 95° C.
2,3-Dimethyl-3-octanol. n-A my 1m a gne s i um chloride was prepared from 9.6 kg of n-amyl chloride (90 moles) and 6.95 kg of magnesium (90 g atom) in the same manner as described in the preparation of n-butylmagnesium chloride in the synth esis of 5-nonanol. To the Grignard reagent was added 6.76 kg (78.6 moles) of methylisopropyl ketone over a period of 2 hr. The reaction mixture was stirred for the rest of th e day and th en worked up in the usual manner. The ether was stripped off and th e crude carbinol distilled in column 22 at 130 mm H g pressure. The fraction boiling at 130° to 135° C was collected as 2,3-dimethyl-3-octanol. From two distillations, 6 kg (37.9 moles, 48%) of 2,3-dimethyl-3-o ctanol was obtained. A 3,400-ml charge was redistilled in column 18 in order to obtain a sample for physical properties .
2,3-Dimethyloctenes. The 2,3-dimethyl-3-octanol was dehydrated over alumina at 300° C. A total of 5.85 kg (3 7 moles) of 2,3-dimethyl-3-octanol was passed through t h e reactor to yield 555 ml of water (3 0.8 moles, 83.5%) and 5.38 kg of organic material. A charge of this material was fractionated in column 20 in order to obtain pure olefin samples. Of the three most probable olefins, only one was obtained pure enough for physical constants. The properties of this olefin agreed with those previously reported l1 3] for 2,3-dimethyl-3-octene.
2,3-D1·methyloctane. The 2,3-dimethylo ctenes (4 kg, 28.6 moles) was hydrogenated using nickelon-kieselguhr catalyst at 140° C. The initial hy drogen pressure was 1,300 Ib ./in. 2 
I-Hexene
This hydro carbon was prepared by the dehydration of 1-hexanol.
Commercial1-hexanol (32 liters) was distilled in columns 25 to 27 in eight runs. The composite data of th ese runs \",ere as follows: bp less than 146° C, 52 ml ; bp 146° to 153° C, 2,525 ml; bp 153° to 155° C, 1,066 ml; bp 155° to 158° C, 26,900 ml; and residue 180 ml. The purpose of this distillation was to remove th e 2-ethylbutanol (bp 146° to 153° C) from the 1-hexanol (bp 155° to 158° C ). This carbinol would dehydrate to give h exenes boiling close to 1-hexen e and therefore difficult to separate.
The distilled 1-hexanol (11.5 kg, 114 moles) was 306 dehydrated over alumina at 400° C. From this dehydration there were obtained 1,985 ml (110 moles) of water and 13 liters of crude h exenes. This represented 98 percent dehydration on the basis of water recovered. The crude olefin was dried and distilled in column 21 to yield th e following fractions: bp less than 60° C, 50 ml; bp 60° to 64° C , 3,970 ml (l-hexene); bp 64° to 65 0 C, 3,820 ml ; bp 65° to 67° C, 3,200 ml (2-hexenes); bp 67° to 88° C, 950 ml; and residue 1,400 ml. This distillation was very rough and no attempt was made to obtain pure samples. The stripped hexenes were redistilled in two runs of approxima tely 4 liters each in columns 19 and 20. From this distillation there was ob tained 3.2 kg (4.2 liters) of purified 1-hexene, bp 63.47° C, boiling range (20 to 80%) 0.006° C, n'fJ 1. 38777, in addition to a sample for physical properties.
In order to determine th e ratio of 1-hexene to the 2-hexenes a small ch arge (1,500 ml) of crude dehydrated 1-hexanol was distilled in column 18. This distillation gave t he following fractions:
Fraction 1, bp 37° to 60° C, n2J5 1.386, 15 g; fractions 2 to 9, bp 60° to 65.7° C, n'fJ 1.3880-86 , 455 g; fractions 10 to 11 bp 65.7° to 68.0° C, n'fJ 1.3899 to 1.3934, 120 g; fractions 12 to 14 bp 68.0° to 69.0 0 C, n2J5 1.3955-71 , 148 g; Fraction 15, bp 69° to 107° C, n2J5 1.4026,37 g; and residue 120 g . This distillation indicated the ratio of 1-hexene to th e 2-hexenes to be 2 to 1.
4 -Methyl-l-pentene
This hydrocarbon was prepared from th e condensation of isopropylmagnesium chloride and allyl chloride.
I sopropylmagnesium chloride was prepared from 3. 15 kg (131 g atom) of magnesium and 11 kg (140 moles) of isopropyl chloride in the same m anner as described for n-butylmagnesium chloride in the preparation of 5-nonanol.
Allyl chloride, 10 kg (131 moles) was mixed with 10 liters of ethel' and the solu tion was added to the GrignaI'd reagent over a period of 3 days. During this time the temperature of th e reaction mixture was h eld at 5° C. The reaction mixture was worked up in the usual manner and th e eth er solution of 4-methyl-I-pentene was dried over potassium carbonate. The eth er was stripped off in column 21 in several charges and all the r esidues from the stripping runs were combined and r edis-tilled in column 21. From this distillation there was obtained 6.3 kg (75 moles, 57 p ercen t) of 4-methyl-l -pentene, bp 50° to 56° O. About 1 liter of diallyl r emained as residue.
A charge of 4 liters of crude 4-methyl-l-pen ten e was distilled in column 19 to yield 2.5 li ters (l. 5 kg) of purified 4-methyl-l-pentene, fp -153.95° 0, and a sample for physical properti es.
V. Appendix
Determination of Physical Constants
Samples of n-heptane and 2,2,4-trimethylpentane are submi tted to t his Bureau, t hrough the American Society for T esting Materials, for certification as standard r eference fuels for knock ra t ing work. Certification of these sampl es, represen t a t ive of lots of material of over 100,000 gal, is based, in part, on the determi nation of selected physical con stants and the compa r iso n of t hese physical constants with those m easured on high-purity material. These constants are: boili ng point, boiling ran ge (20 to 80 % di sti ll ed), freezing point, density, and r efractive index. All other hydrocarbons and in termed iates synthes ized in the H yd rocarbons R esearch Labo ratory of t he E ngin e Fuels Section a re characterized by measure ment of these properties, s upple mented by measure men t of: cha nge in bo iling poin t with press ure near 760 mm H g, change in d ensity with te mperat ure, and change in refractive index w it h te mpera t ure.
D escriptions of the m ethods used ha ve been published from time to t ime [6, 16, 18] , but it is consid e red advisable to present the latest improvements used as part of a complete d escrip tion. This append ix is such a descrip tion. The apparatus used for t he determination of freezing poin ts in t hese laborator ies co n tain s features ad opted from t he apparatus of Mail' [1 4], Roper [1 5], Brook s, H oward, and Craf to n [16] , and Glasgow, Streiff , and Ross in i [5] . This apparatus is shown in fi gure 5.
. Fre ezing Point iIl Air
The sample is placed in tu be C, which is 26 mm ou tside diameter and 273 mm in length. It is rounded at t he bottom, and t he throat is reinforce d with heavy glass so t hat t he t ube may be gripped t ig htly wi th a clamp in order to hold it in place whe n t he fr eezing substance becomes viscous.
The electrically heated t ube is shown in d etail in figure 6 . It is constructed from a pair of glass tubes (K and L ) , 41 and 36 mm in outside diameter and 240 mm in length. These tubes are closed at the base and fit wi thin each other. About t he inner tube, L, is wound 49 turns of No. 32 Calido wire. This possesses a resistan ce of 185 ohms at room temperature. The r esistance wire is sec ured in place wit h scotch tape and t he annular space fille d with paraffin wax. This wax was found necessary in oreler to protect the wire from corrosion from atmospheric condensation. At t he top of the t ube t he resistance wi re is sil ver soldered to copper leads M. The ra tes of cooli ng and warming are controlled with hig h se nsitivi ty by means of a I-amp variable tran sfor mer . Wi thin the inner hea ting element tube is placed a brass t ube D closed at the base and having a diameter of 30 mm and a length of 150 mm. This tube is covered with smooth aluminum foil. The purpose of this tube is to equalize the heat transfer over the entire sample and to shield t he thermometer from outside radiations.
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The cooling rate is roughly controlled by means of an unsilvered D e\\;ar (G) ( 
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evacuation may be varied. This Dewar is 50 mm inside diameter, 69 mm outside diameter, and 38 cm in length, and is evacuated through a high vacuum stopcock (
H ).
For this purpose a mechanical oil pump has proved adequate. A number 18 spherical joint connects the D ewar to the pump line. Glass wool is placed in t he bottom of this tube to help suppor t the heating tube. The coolant reservoir is a silvered Dewar 95 mm inside diameter and deep eno ugh to carry the rest of the ense mble. Liquid nitTogen is used a s the coolant for materials freezing below -50° C, and dry ice in carbon tetrachloride and chlorofl'ol11 for higher-freezing materials.
The sample is stirred by stirrer B (fig. 5 ) . Two types of this double holical stirrer are shown in figure 7 . The first (A) is made to fit the tube snugly and the edges are machined fiat in order to scrape the walls of t he t ube. The second (B ) is a loose-fitting double helical stirrer in which the turns, except the bottom one, aTe held rigid by t he vertical rod. This second stirrer was found to be the more satisfactory and has since been used for all determinations. It is made of 0.078-in. nichrome wire. The outer helix is 19 mm in diameter, the inner 14 mm, and the helical length is about 6 cm. The stirrer is driven by means of a crank operated by a direct current motor , the speed of which may be varied with a rheostat. The length of the stroke is 4.5 em. vVith this stirrer, no difficulty has been encountered in obtaining equilibrium freezing point curves, even f or very high purity n-heptane and 2,2,4-trimethylpentane.
The t emperature is measured by means of a platinum resistance-thermometer held in place by a cork which is A FIGURE 7. Freezing-point stin·e1·. 16 . 17 ,---,--.------,---~,__-- The apparatus is assembled as shown in figure 5 with suffi cient sampJ e in the freezing tube to cover the stirrer at the top of the stroke. The outer Dewar i filled with liquid nitrogen to within about }f in . of the top and kept at this level. The t irrer is run at a rate of about 60 trokes per minute.
When the temperature reaches 20 to 3Q degrees above the expected freezing point, the vacuum pump is started and the pumping continued until the temperature has fallen to 3 to 5 degrees above the expected freezing point, at which time the stopcock is closed and the pump stopped. The electric heater is started 10 to 15 degrees above the freezing point and et to control the cooling at the desired rate. Near the expected freezing point t his rate is 0.25 to 0.40 degree per minute. The voltage setting on the variable transformcr is based on previous determinations of cooling rates at various voltages and temperatu res.
Readings are begun at 1.0 to 1.5 degrees a ove the expected freezing point. At this t ime t he cooling rate should be 0.25 to 0.40 degree per minute. Readings are taken each minute and when the material supercools more t han 0.2 degree below the expected freezing point it is seeded w' ith a cold rod. At least 30 readings should be ta,ken at I-minute in tervals a fter the curve reaches a peak following supercoolin g. The curve is plotted and interpreted according to t he method of Taylor and Rossini [17] . A typical freezing curve is shown in figure 8 .
Ir a melting cur ve is desired the heater is set at a p redetermined voltage to give a warming rate of 0. 4 deg C in the liquid phase. The other experim e ntal and calculative details a re the same as with a fr eezing po in t.
This freezing point apparatus has been found to give: 1. Rapid cooling with s ub~tance that freeze at l ow emperatul'e. By maintaini ng the air at atmospheric pressure within t he unsil vered Dewar, it is possiblc to
Syntheses of Hydrocarbons
871926-50--7 reach t he neighborhood of the freezing point much more quickly t han can be done with a fixed vacuum Dcwar. It is not necessary to start evacuating the Dewar until 20 to 30 degrees above the expected freezing point.
2. Accurate control of the cool in g and warming rates. With t he electric heater it is po. ible to control the coo lin g or warm ing rate quite accura tely from 0.5 degree pCI' minute cooling to 0.5 degree pel' minute warming.
3. Efficient stirrin g, which prcvents excessi ve upcrcooling and aids quick recovery to the equilibrium state, only 3 to 5 minutes being necessary for recover y.
4. Equilibrium freezing cUl' ve, presumably obtai ned because packing of frozen material in the bottom of t he tube is retarded by the new stirrer.
5. A precision of measurement of freezing points of about 0.003 deg C.
Boiling Point
The equipment for determining the distillation curves on n-heptane, 2,2,4-trimethylpentane, and other compounds a used now has been modified from t he apparatus described in reference [19] an d is simila r to the apparatus designed by Mail' [14] . The apparatus uscd in the determination of boiling points is hown in figure g.-The pot a nd colum n assembly is made by sealing a lcngth of 25.-mm tubi ng to a 125-ml round bottom fl ask taken from an ordinary distilling flask so that the over-all length is 52 cm . A side arm of FIGURE 9. Boiling-point apparatus.
10-mm tubing is sealed onto the flask at a 45-degree angle to the column. A length of 56-mm tubing 37 cm long, which has two glass knobs sealed 1 cm from the top and bottom, is slipped over the column and an upper side arm is sealed into place. The latter is made of 8-mm tubing sealed to the column 5.5 cm below the top at an angle of about 18 deg below the horizontal. The jacket is separated from the column by two No. 30 corks, which are first bored and t hen split across the middle to facilitate placing. In one of the top halves is bored a small hole to carry the thermometer (0° to 360° C) for determining the temperature of the jacket. These corks are put in place so that they fit tightly. The jacket is wound with No. 22 (B & S) chrome1 wire spaced 2 cm apart, and anchored to the glass knobs at the end of t he jacket. The jacket and wire are wrapped with one layer of l /8-in. asbestos and finally covered with smooth tin foil. Corks are used for closing the charging tube and for carrying the resistance thermometer and for connecting the side arm into the condenser. The current input into t he jacket heating wire is regulated by a variable transformer.
The pot is heated by a 660-watt laboratory heater, controlled by a 6-ampere variable t ransformer. The material distilled through the apparatus is condensed in a 300-mm West type condenser and caught in a 100-m! graduate.
The thermometric system used in the determinations consists of a Mueller resistance bridge, a platinum resistance thermometer, and a precision galvanometer. The galvanometer is adjusted so that a change of 0.0001 ohm on the bridge causes a deflection of about 4 mm on t he galvanometer scale. The resistance thermometer is the . standard four-lead type having a resistance of about 25.5 ohms at the ice point. This thermometer is calibrated every two years by measuring the resistance at t he melting point of ice and t h e boiling points of oxygen, water, and sulfur.
(b) Method
The apparatus is assembled so that the end of the resistance thermometer extends about 6 in. below t h e side arm. Care must be t aken t hat the bulb of the thermometer does not touch the walls of t he column as this makes for erratic readings. The jacket t hermometer is adjusted so t hat the scale readings are visible above t he jacket beginning at about 25 deg C below the boiling point of the liquid. The r eceiver, a, 100-ml, graduate is adjusted so t hat the distillate from t he condenser runs down the inner side of it.
While the sample is being heated in t he p ob, t he jacket temperature is adjusted to 2 to 5 deg C below the boiling point of the material being distilled. When t he liquid b egins to simmer, the barometer reading, barometer temperature, and the time are taken. This procedure is repeated after 10, 25, 40, 55, 70, 80, and 90 ml have b een distilled . The · first drop to leave the sidearm after t he vapor ring comes up is taken as the zero reading. At this point the resistance of the thermometer and the time are recorded . This is repeated a t 2, 4, 6, 8, and 10 ml and every 5 ml t hereafter until 90 ml. The rate of distillation is maint ained at 5 ml p er 1.0 to 1.25 min.
It has been advisable to take all r eadings with the 310 commutator of the bridge in the normal position. The correction for the reverse r eading is made b y de termining the resistance of the thermometer with the commutator in the reverse position after the 30, 35, 45, and 50 ml readings. Immediately after the distillation is completed, the barometer should be calibrated by boiling distilled water in the apparatus. This corrects not only for t he errors in the in strument but also the personal error of the operator, and, for compounds boiling near 100° C, for thermometer error also.
The temperatures are calculated from t he resistances in the usual manner. The barometer is corrected for temperature and for the difference betwee n the observed barometri c pressure and the true pressure as determined by the water. The time furnishes the common ground of comparison between temperature and pressure.
Refractive Index
Refractive indices are meas ured on a preCISIOn oil refractometer . This instrument is an Abbe-type r efractometer with the prisms m ovable in a near-horizontal plane, rather than in a vertical plane. The scale is calibrated linearly in arbitrary units, and readings are converted to refractive index by use of a set of conversion tables furnished with the instrument. The instrument is readable to about 0.002 unit in the arbitrary scale, which, in the neighborhood of nD 20 1.39, is equivalent to about 0.000012 unit of refractive index. The reproducibility of readiugs by a skill ed operator is about 0.00002 unit of refractive index. T emperature is controlled by circulation of water from a co nstant-te mperature bath through a chamber around t he prisms. The constant-temperature bath is of standard design , equipped with two mercury thermostats, one set a t near 20° C and t he other near 25° C. The li ght so urce is a sodium vapor lamp.
The technique used in measuring t he refract ive index is: Ten readings are t ake n on a sample of 2,2,4-trimethylpentane (a working standard), fiv e while approaching the demarcation line from one direction, and fiv e from the opposite direction . The temperature (at the prism) is · measured to 0.01° C b y a mercury thermometer for each reading. These values are averaged. Immediately t hereafter a sample of :the material to be tested is put into the instrument and ten readings are taken in t he same manner. A comparison of the average of these rcadings with that obtained on t ho working standard gives t he differen ce in refractive index between the working standard and t he compound under test. In t his way, instrumental errors are practically eliminated. The refract ive index of t he working standard is measured periodically by comparison with the standard sample of 2,2,4-trimethylpentane (N BS Standard Sample 217), t he refractive index of which has been accura tely measured (to ± 0.00002) by the Optical In struments Section.
Recently, refractive indices of certain compounds have been measured by comparison with a standard in a Rayleigh interferometer. This instrument measures the difference in refractive index between two samples with a greater precision (about ±0.000004 with a l-cm cell in the neighborhood of nD 1.39 to 1.40) than the refractometer does.
Density
A thin-walled , glass-stoppered picnometer of about 50-ml capacity is used in the determina t ion of density (see fig .  10 ). M easurem ents arc gene rall y made at temperatures near 20 0 and 25 0 C.
The sample is placed in t he picnometer, fillin g it nearly to t he cap . The pi cnometer and sample are immersed in a constant-temperat ure bat h and allowed to remain for 1 hr. At the end of t hi s time t he sample is drawn from the neck of t he picnom eter with a capillary t ube connected t o a vacuum lin e. The liquid is first drawn out until t he level is just above t he mark, t he e nd of t he capill a ry run around t he walls to d ry t hem, a nd finall y the liquid level is adjus ted so t hat t he botto m of t he menisc us is level with t he line. The p icno meter is then stoppered and t he bath te mperat ure observ ed.
The picnomete r is dried, imme rsed in aceto ne, dried again, a nd IVei~; h ed. Afte r IVei e; hing, t he picnometer is emptied, washed with acetone, and dri ed. The emp ty F rG URI'; 10. Picnometer used for measuring density.
Syntheses of Hydrocarbons flask is t hen dippe d in aceto ne, dri ed, and weighed ' Fll1ally, the barom eter and barometer temperat ure a re read and t he psychrometer reading take n. By sui tab le calculat ions, t he mass in vacuo is obtained.
The volume of the flask is d ctcrmined by distilling water in to the picnometer and then proceeding a s outlined above to obtain t he mass of water in vacuo. The density of water at that te mpe rature is taken from t ables and t he volume of the flask calculated . The flask is calibrated at both temperatures .
From t hese data, t he density of t he sample at temperat ures near 20 0 and 25° C is calculated and corrected to 20 0 and 25° C.
